Paenibacillus etheri sp. nov., able to grow on media supplemented with methyl tert-butyl ether (MTBE) and isolated from hydrocarbon-contaminated soil T , was isolated from the hydrocarbon-contaminated soil of a pilot plant (Granada, Spain). The strain was selected for its capacity to grow in media supplemented with methyl tert-butyl ether (MTBE) as sole energy and carbon source. Strain SH7
, was isolated from the hydrocarbon-contaminated soil of a pilot plant (Granada, Spain). The strain was selected for its capacity to grow in media supplemented with methyl tert-butyl ether (MTBE) as sole energy and carbon source. Strain SH7
T was a Gram-stain-positive, facultatively anaerobic, spore-forming, rod-shaped bacterium.
Phylogenetic analysis using 16S rRNA gene sequences showed that strain SH7 T belongs to a cluster comprising species of the genus Paenibacillus and was closely related to Paenibacillus borealis KK19 T (97 % 16S rRNA gene sequence similarity) and Paenibacillus odorifer TOD45 T (98 %). DNA-DNA hybridization tests showed low relatedness of strain SH7 T with the type strains of Paenibacillus borealis (16.9¡1.5 %) and Paenibacillus odorifer (16.6¡2.1 %). The cell wall of strain SH7 T contained meso-diaminopimelic acid. The predominant respiratory quinone was MK-7, and anteiso-C15 : 0 (32.9 %) and C16 : 0 (29.0 %) were the predominant cellular fatty acids. Phosphatidylglycerol, phosphatidylethanolamine, diphosphatidylglycerol and three unknown aminophospholipids were the major phospholipids. The DNA G+C content was 44.3 mol%. Data obtained in this study indicate that strain SH7 T represents a novel species of the genus Paenibacillus, for which the name Paenibacillus etheri sp. nov. is proposed. The type strain is SH7 T (5CECT 8558 T 5DSM 29760 T ).
Since Ash et al. (1993) described the genus Paenibacillus, to date over 150 new species (including subspecies) have been described. Although they are considered as saprophytic bacteria living on bare soil, members of the genus Paenibacillus can be isolated from numerous locations (environmental and/or human samples) like blood cultures, sputum, plant roots, seeds, food, agricultural soil, or mineral soils (Berge et al., 2002; Scheldeman et al., 2004; Roux & Raoult, 2004) . Members of this genus have been shown to produce numerous substances such as exopolysaccharides and extracellular enzymes (Rai et al., 2010) , which can be used in industrial and biotechnological applications (Polizeli et al., 2005; Goesaert et al., 2005; Roncero et al., 2005; Soriano et al., 2005; Margeot et al., 2009) . Some species of the genus Paenibacillus are involved in the degradation of environmental pollutants such as aromatic hydrocarbon, xylan and naphthalene (Daane et al., 2002; Sirota-Madi et al., 2010; Khianngam et al., 2011) .
Methyl tert-butyl ether (MTBE) has been the oxygenate compound most widely used in the last decades. It is added to reformulated gasoline (RFG) to enhance the octane number, thereby increasing combustibility and reducing toxic emissions to the atmosphere. However, MTBE has been identified as an important contaminant of water bodies, mainly groundwater, so the develop-ment of technologies to remove it is of great importance. Among these, biological treatments are recognized as a cost-effective and environmentally friendly option (Kharoune et al., 2001 ). An important step in the design and use of a determinate biological technology for the treatment of contaminated water is the selection of bacterial strains with biotransforming/degrading xenobiotic compound capacity. In this sense, bacteria from several genera such as Rhodococcus, Gordonia, Nocardia, Corynebacterium, Micrococcus, Methylobacterium, Bacillus, Mycobacterium or Xanthobacter, among others, have been successively isolated from environmental samples based on their ability to grow and/or biotransform/degrade MTBE (Liu et al., 2001; François et al., 2002; Guisado et al., 2015) .
In the present study, we show that strain SH7 T isolated from a hydrocarbon-contaminated soil of a pilot plant in Granada, Spain (Silva-Castro et al., 2013) and showing MTBE-growing capacities, is a novel species of the genus Paenibacillus based on the results from phylogenetic analysis of 16S rRNA gene sequences, DNA-DNA hybridization, and physiological and chemotaxonomic analyses.
Strain SH7
T was isolated from soil samples by the serial dilution technique and plating on solid-modified mineral salts medium (FTW medium; Herman & Frankenberger, 1999) , supplemented with 150 mg l 21 MTBE. The inoculated plates were incubated in a MTBE-saturated atmosphere at 28 8C for 7 days (Guisado et al., 2015) . The plates were observed daily and isolated colonies were streaked onto solid-modified FTW plates for further studies. The isolation of strain SH7
T after enrichment steps from the contaminated soil samples was performed following the methodology previously described by Purswani et al., (2008) . Later, strain SH7
T was included in a procedure of pre-selection of MTBE-degrading bacterial strains, where growth (as OD600) was tested on modified FTW medium supplemented with MTBE and/or BTEX (benzene, toluene, ethylbenzene and xylene) as sole carbon and energy source, using sterile 96-well plates. Strain SH7
T was pre-grown under controlled temperature (30 8C) and agitation (150 r.p.m.) for 4 days, followed by centrifugation (14 000 r.p.m. for 1min) of 1 ml of culture. Subsequently, the pellet was resuspended in 1 ml PBS solution (16 PBS). Each well contained 90 ml modified FTW medium supplemented with MTBE and/or BTEX to reach a final oxygenate/aromatic compound concentration of 200 mg l 21 and was inoculated with 10 ml bacterial suspension prepared as previously described. The plates were kept at 28 8C in a MTBE-saturated chamber. Bacterial growth (as OD600) was measured every 7 days in a plate reader (Fluostar Optima; BMG-Labtech) for 4 weeks. MTBE biodegradation capacity of SH7
T strain was evaluated in batchexperiments. For this, strain SH7
T was inoculated into a sterile glass tube with 5 ml modified FTW medium supplemented with 150 mg l 21 MTBE and incubated for 4 days at 28 8C under controlled agitation conditions. A volume of 500 ml of this pre-grown culture was inoculated into a glass vial (125 ml total capacity) with 25 ml modified FTW medium plus 150 mg l 21 MTBE, sealed with a polytetrafluoroethylene (PTFE) stopper and incubated for 8 days. Control glass vials non-inoculated (abiotic controls) and others inoculated in mineral medium without MTBE (biotic controls) were included in this assay. After incubation for 12, 24, 48, 72, 96 and 192 h, growth values (as OD600) and MTBE-remaining concentrations were accomplished (Guisado et al., 2015) . Cellular morphology and motility were observed by transmission electron microscopy (Libra 120 Plus; Zeiss). For intracellular endospore observation, strain SH7
T was grown on trypticase soy agar (TSA; Difco) for 15 days at 30 8C. Cells were then pre-fixed with 2.5 % glutaraldehyde and 2 % paraformaldehyde in 0.1 M cacodylate at 4 8C (24 h), washed, post-fixed in 1 % OsO4 in a dark room at 4 C8 (1 h) and dehydrated in a graded ethanol series (50, 70, 90 and 100 %). The sample was embedded in Epon resin and polymerized. Ultrathin sections were stained with uranyl acetate (1 %) plus lead citrate (Reynolds, 1963) before being observed (Fig. S1A , available in the online Supplementary Material). For flagella observation, 25 ml bacterial suspension was incubated in a grid support film for 5 min after two washing steps with ultrapure water (Fig. S1B ).
Colony morphology was determined after growth for 3 days at 30 8C on TSA. Growth at various pH (pH 1-13), NaCl concentrations (0.1-8 %, w/v) and temperatures (5, 10, 15, 20, 25, 30, 35, 40, 45 and 50 8C) was tested by using trypticase soy broth (TSB; Difco). All tests were carried out by incubating strain SH7 T and Paenibacillus odorifer DSM 15391
T at 30 8C and Paenibacillus borealis DSM 13188
T at 28 8C, except for the investigation of the effect of temperature on growth and spore formation.
Gram staining, catalase and oxidase activities, hydrolysis of casein, DNA, starch and L-tyrosine, indole production, citrate utilization and H2S production were performed as described by Barrow & Feltham (1993) . For biochemical properties, utilization of carbohydrates, and enzymic activities of strain SH7
T , commercially available API test kits (API 20NE and API 50CH, combined with API 50CHB/E medium; BioMeriéux) were used in accordance with the manufacturer's indications.
Genomic DNA extraction for amplification of the 16S rRNA gene of strain SH7
T was performed using the method described by Martín-Platero et al. (2007) . Primers fD1 and rD1 (Weisburg et al., 1991) synthesized by Sigma Genosys (Dorset, UK), were used to amplify and sequence the almost full-length 16S rRNA gene as described previously by Purswani et al., (2008) . The DNA sequences were processed, assembled and edited for sequencing errors. Closely matching sequences were found in the GenBank database using the BLASTN algorithm (Altschul et al., 1997) . The almost-complete sequence of the 16S rRNA gene of strain SH7 T (approx. 1500 bp) was aligned with sequences from strains of closely related species of the genus Paenibacillus by using the CLUSTAL X 2 program (Larkin et al., 2007) . The MEGA 5.0 software package (Tamura et al., 2011) was used to reconstruct phylogenetic trees by applying the neighbour-joining method (Saitou & Nei, 1987) (Figs 1  and S2 ). The stability of relationships was assessed by means of a bootstrap analysis of 1000 datasets. The phylogenetic tree reconstructed using the neighbour-joining method suggested that strain SH7
T is a member of the genus Paenibacillus but represents a distinct species.
T showed 16S rRNA gene sequence similarities to the type strains of recognized species of Paenibacillus and was most closely related to Paenibacillus borealis
KK19
T (97 % 16S rRNA gene sequence similarity) and Paenibacillus odorifer TOD45 T (98 %).
DNA-DNA hybridization between strain SH7 T and its closest neighbours, Paenibacillus borealis DSM 13188
T and Paenibacillus odorifer DSM 15391 T , DNA G+C content and chemotaxonomic analyses of strain SH7 T were carried out by the Identification Service of the Leibniz Institut Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ; Braunschweig, Germany). DNA was extracted and purified on hydroxyapatite according to the procedure of Cashion et al. (1977) after cell disruption using a Constant Systems TS 0.75 kW instrument (IUL Instrument). DNA-DNA hybridization was carried out as described by De Ley et al. (1970) under consideration of the modifications described by Huss et al. (1983) using a model Cary 100 Bio UV/VIS-spectrophotometer equipped with a Peltier-thermostatted 666 multicell changer and a temperature controller with in situ temperature probe (Varian). The G+C (mol%) content of the genomic DNA of strain SH7 T was calculated from the ratio of deoxyguanosine (dG) and deoxythymidine (dT) according to the method of Mesbah et al. (1989) . Cellular fatty acids analysis was carried out according to the instructions of the Microbial Identification System (MIS; MIDI).The cell-wall diaminopimelic acid type was determined by thin-layer chromatography on cellulose plates according to Schumann (2011) . Analysis of respiratory quinones was carried out by the Identification Service of the DSMZ using thin-layer chromatography and UV-and mass-spectroscopy.
Cells of strain SH7
T were Gram-stain-positive, facultatively anaerobic, endospore-forming, rod-shaped (0.6 mm wide and 3.2 mm long), peritrichous bacterium, which were motile with multi-lateral flagella. Colonies were 1.5-5.0 mm in diameter, cream, ovoid and smooth with irregular entire margins when grown on TSA for 3 days. Growth was observed at pH 7-8, at 5-50 8C and with a maximum NaCl tolerance of 0.8 %; the optimum conditions for growth were pH 7.5, 0 % NaCl and 30 8C. Cells were catalase-positive and oxidase-negative. Table 1 shows phenotypic, biochemical and physiological characteristics among strain SH7
T and type strains of phylogenetically related species.
The DNA G+C content of strain SH7
T was 44.3 mol%, value within the range for members of the genus Paenibacillus (Shida et al., 1997) . DNA-DNA hybridization was performed with the two phylogenetically closest species, Paenibacillus borealis DSM 13188 T and Paenibacillus odorifer DSM 15391 T . Strain SH7 T displayed low levels of DNA-DNA relatedness with the type strains of P. borealis (16.9¡1.5 %) and P. odorifer (16.6¡2.1 %). According to the recommendation of a threshold value of 70 % DNA-DNA relatedness for the definition of bacterial species (Wayne et al., 1987) , strain SH7
T probably represents a novel species of the genus Paenibacillus.
The predominant respiratory quinone for strain SH7 T was MK-7 (100 %). The major fatty acids were C14 : 0 (10.4 %), C16 : 0 (29.0 %) and anteiso-C15 : 0 (32.9 %) which is consistent with other recognized members of the genus Paenibacillus. Moderate amounts of iso-C14 : 0, iso-C15 : 0, iso-C16 : 0 and C16 : 1v11c were also found. In addition, small amounts of C10 : 0, C12 : 0, C15 : 0, iso-C17 : 0, anteiso-C17 : 0 and C16 : 1v7c alcohol were detected. Table 2 shows the fatty acid profiles of strain SH7
T and its closest relatives. Strain SH7
T , Paenibacillus borealis DSM 13188 T and Paenibacillus odorifer DSM 15391 T showed similar profiles, although strain SH7
T showed double the amount of C16 : 0 and ,25 % decrease in anteiso-C15 : 0 compared to the reference strains. The predominant polar lipids of strain SH7
T were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and three unknown aminophospholipids (Fig. S3) . The molecular, chemotaxonomic, physiological and biochemical data obtained in this study include significant differences in thermostability at a wider temperature range in the novel isolate compared to the reference strains possibly due to the heavier fatty acid content within membranes. Clear differences between both P. borealis and P. odorifer and strain SH7 T in assimilation of D-mannose, hydrolysis of aesculin and production of acids such as inulin or xylitol were observed. However, many other similarities among the tests indicate that strain SH7 T represents a novel species of the genus Paenibacillus, for which the name Paenibacillus etheri sp. nov. is proposed.
Description of Paenibacillus etheri sp. nov.
Paenibacillus etheri (e9the.ri. Gr. n. aither the upper air; N.L. gen. n. etheri of an ether).
Cells are Gram-stain-positive, facultatively anaerobic, motile rods (0.6 mm wide and 3.2 mm long). Sub-terminal ellipsoidal endospores are observed. Colonies are cream, ovoid, smooth with irregular entire margins and measure 1.5-5.0 mm in diameter after 3 days at 30 uC on TSA medium. Growth is observed at pH 7-8 and 5-50 uC, and maximum NaCl tolerance is 0.8 %. The optimum conditions for growth are pH 7.5, 0 % NaCl and 30 uC. The type strain, SH7 T (5CECT 8558 T 5DSM 29760 T ), was isolated from an artificial hydrocarbon-contaminated soil from a pilot plant (Granada, Spain). The DNA G+C content of the type strain is 44.3 mol%.
